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METHANOL CRACKING OF TITANIUM 8AI-IM0-IV 

By D. N. Fager 

Stress corrosion cracking of a commercial 
alpha-beta alloy in methanol was compared to 
results obtained in 3.5% sodium chloride solu- 
tion. Previous work by Meyn (!) showed that 
fracture in methanol occurs by cleavage similar 
to the cleavage in salt solutions. Beck (2) dis- 
covered another similarity to salt-solution crack- 
ing in thatTi-8AI-IMo-l V became less susceptible 
in methanol as it was given higher-temperature 
solution treatments. The all> y becat»« virtually 
immune when quenched from the leta-phase 
field to produce an all-martensite structure. 
Optical metallography was performed in the 
present study and, as expected, showed that the 
cracks tended to stop at the beta-phase particles 
(point A in Fig. I). The higher resistance of the 
beta phase and of the martensite phase trans- 
formed from the beta is consistent with the 
change in susceptibility after higher temperature 
solution treatments in the alpha-beta phase field. 
This is similar to the behavior found in salt 
solution (2, 3). 

Mill-annealed 0.5-inch Ti-8AI-1 Mo-1 V plate, 
exhibiting pronounced preferred orientation of 
basal planes normal to the plate surface and 
parallel to the rolling direction, was «vailable 
from a previous study (3). Standard precracked 
Charpy specimens were fabricated from this 
material and tested in reagent-grade methanol by 
a procedure described in Ref. 3. No control was 
exercised over the water or chloride content of 
the methanol. 

Initial tests were conducted on specimens 
designated transverse-longitudinal *, in which the 
preferred (0001) planes were parallel to the main 
fracture path. The data are reported in Fig. 2, 
where the stress intensity ratio Kii/Kic as a 
function of time to failure is an indication of the 
severity of cracking 2 (3). These results indicate 
that cracking is more severe in methanol (curve 
A) than in sodium chloride solution (curve B). 
This is consistent with the data from tensile 
tests (0.005 min-' strain rates) performed on 
unnotched specimens of mill-annealed Ti-8A1- 
IMo-l V in thai premature failure occurred after 
approximately 2% plastic strain in methanol, but 
no effect was seen in the sodium chloride solution. 

Fig. 1. Methanol cracking in Ti-SAI- IMo-1V, longitudinal 
view, X 1,000 (fracture face above). Crack is arrested 

by beta phase at A. 

'The first direction is that of the major stress axis; the second is the direction of main crack propagation. 

2K|j is the plane-strain stress intensity factor at the beginning of the test, and Kj,. is the plane-strain critical stress 
intensity factor. 
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The cracks shown in Fig. 1 occurred 
approximately normal to the long dimension of 
the alpha grains. As determined previously by 
electron microscopy (3), this corresponds to the 
preferred orientation of the (0001) in these 
elongated alpha grains. It is thus reasonable to 
conclude that fracture in methanol occurs on or 
near the (0001) planes, similar to cracking in salt 
solution. (Blackburn (4) d_etermined Üiat crack- 
ing occurred on the (1017) or (1018) in salt 
solution.) This does not eliminate the possibility, 
however, that fracture can occur on other planes 
as well as those near the basal. 

If fracture in methanol could occur on 
planes other than those near the (0001), this 
would explain why cracking in this environment 
is more severe than cracking in sodium chloride 
solution. Further tests were conducted on speci- 
mens designated longitudinal-transverse, i.e. the 
preferred (0001) planes were normal to _the 
direction of the main fracture. Thus the (1120) 
or (1100) planes would be the most favorable for 
cracking. Data for these specimens in Fig. 2 
(curve C) show that failure does not occur below 

the baseline Kic. A fracture face from the speci- 
men in this orientation is shown in Fig. 3. The 
crack propagated from the fatigue crack at A in a 
predominantly ductile manner (B) until condi- 
tions were favorable at C for tleavage near the 
preferred basal planes, even though these planes 
were unfavorably oriented to aid propagation in 
the main cracking direction. From the test results 
and the observed fracture morphology, it is 
apparent that ductile fracture occurs in prefer- 
ence to cleavage on planes not near the basal in 
methanol, exhibiting the same behavior as in 
sodium chloride solution (3). 

Since the crack path characteristics in 
sodium chloride and methanol solutions are 
similar, the lower Kli/Kic levels at which failures 
occur in methanol (also the unnotched tensile 
failures, see above) demonstrate that a lower 
stress (or strain) is required for alpha grain 
cleavage in methanol. And since times to failure 
in salt solution and methanol are comparable at 
Kli/Kic«0.65, this implies that some step in 
the cleavage process is slower in methanol than 
in sodium chloride solution. 

O        TRANSVERSE-LONGITUDINAL SPECIMENS 
IN3.5%NaCI;  K|c - 37 KSI VTN. 

A        TRANSVERSE-LONGITUDINAL SPECIMENS 
IN METHANOL:  K|c = 37 KSI^N. 

A        LONGITUDINAL-TRANSVERSE SPECIMENS 
IN METHANOL:   K(c - 39 KS\J\N. 

CA. 

1 10 100 
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Fig. 2. Stress corrosion susceptibility of TiSAI- Wo-1V 
in methanol and salt solution. 

Fig. 3. Frcicture face of longitudinal-transverse specimen 
failed in methanol. Fatigue crack at A; ductile 
failure at B; cleavage near preferred basal planes 
atC. 
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